We report detections of new exoplanets from a radial velocity (RV) survey of metal-rich FGK stars by using three telescopes. By optimizing our RV analysis method to long time-baseline observations, we have succeeded in detecting five new Jovian-planets around three metal-rich stars HD 1605, HD 1666, and HD 67087 with the masses of 1.3M ⊙ , 1.5M ⊙ , and 1.4M ⊙ , respectively. A K1 subgiant star HD 1605 hosts two planetary companions with the minimum masses of M p sin i = 0.96M JUP and 3.5M JUP in circular orbits with the planets' periods P = 577.9 days and 2111 days, respectively. HD 1605 shows a significant linear trend in RVs. Such a system consisting of Jovian planets in circular orbits has rarely been found and thus HD 1605 should be an important example of a multiplanetary system that is likely unperturbed by planet-planet interactions. HD 1666 is a F7 main sequence star which hosts an eccentric and massive planet of M p sin i = 6.4M JUP in the orbit with a p = 0.94 AU and an eccentricity e = 0.63. Such an eccentric and massive planet can be explained as a result of planet-planet interactions among Jovian planets. While we have found the large residuals of rms = 35.6 m s −1 , the periodogram analysis does not support any additional periodicities. Finally, HD 67087 hosts two planets of M p sin i = 3.1M JUP and 4.9M JUP in orbits with P = 352.2 days and 2374 days, and e = 0.17 and 0.76, respectively. Although the current RVs do not lead to accurate determinations of its orbit and mass, HD 67087 c can be one of the most eccentric planets ever discovered in multiple systems.
INTRODUCTION
Since 1995, precise radial-velocity (RV) searches for exoplanets have unveiled hundreds of planets around solartype stars. The improvements of spectrographs and RV analysis techniques have enabled us to detect low-mass planets such as Earth-like planets. The current detection limit on planetary masses for RV searches is reaching the level of several Earth-masses within 0.1AU around solar-type stars (Howard et al. 2010; Mayor et al. 2011) . To date, masses of known exoplanets range from about one Earth-mass to tens of Jupiter-masses. Thanks to increasing the number of planet samples, statistical studies become available. In particular, Jovian-planet samples from 20-year-long surveys have been contributing to reveal their statistical properties over a wide range of orbital distance. The pictures of the detected exoplan-ets have been contributing to constrain planet formation theories taking account of evolutions of protoplanetary disks and planet's orbits such as planetary migration and planet-planet scattering (e.g. population synthesis: Ida & Lin 2004; Ida et al. 2013; Mordasini et al. 2009 ), however, statistical studies for the planet distribution (e.g. Cumming et al. 1999 Cumming et al. , 2008 Bowler et al. 2010; Mortier et al. 2012; Adibekyan et al. 2013) are still open to debate, particularly on the correlation with metallicities of their host stars. Recently, near-infrared observations of disk fractions in young clusters suggested short lifetimes of protoplanetary disks around low-metallicity stars (Yasui et al. 2010) . Theoretical studies on disk evolution under X-ray photoevaporation supported that disk lifetimes may be positively correlated with the stellar metallicity (e.g. Ercolano & Clarke 2010) . The disk metallicity also determines the total amount of building materials for planets. These imply that a long-lived disk in a metal-rich environment may enhance the occurrence rate of Jovian planets such as hot-Jupiters and Jupiter-analogs. While previous studies of the planetmetallicity correlation (e.g. Gonzalez 1997; Santos et al. 2003; Johnson et al. 2010a ) have mainly focused on the occurrence rate of Jovian planets integrated over planetary mass and orbital period, it is also important to reveal dependence of the mass-period distribution of planets on stellar metallicity for an indepth understanding of orbital migration and formation of giant planets in various environments.
Since 2009, we have conducted RV surveys for metal-rich solar-type stars mainly using the 188 cm telescope at Okayama Astrophysical Observatory (OAO) and the Subaru telescope. This planet-search program originates from the N2K project, which was an international collaboration between American, Japanese and Chilean astronomers aiming at finding hot-Jupiters, especially transiting ones, around metal-rich FGK stars using large aperture telescope such as the Keck, Subaru, and Magellan (e.g. Sato et al. 2005; López-Morales et al. 2008; Giguere et al. 2012) . As for the Subaru telescope part, in addition to the detections of transiting HJs, continuous observations revealed Jovian planets from the including those in years-long orbits (Fischer et al. 2007; Peek et al. 2009; Giguere et al. 2012) . The metal-rich nature of the N2K targets totally fits our purpose which aims at unveiling orbital distribution of giant planets around metal-rich stars over a wide range of orbital periods. In order to achieve this objective, long time baseline RV observations are of particular importance in revealing a population of planets at distant orbits where Jupiter-analogs are thought to have formed via a core-accretion process. Continuous RV observations also lead to secure detections of multiple systems and eccentric planets (e.g. Wright et al. 2009; Wittenmyer et al. 2014 ) which will provide useful information about orbital evolutions such as an orbital migration which occurs due to an interaction between the disk-gas and planetesimals, and gravitational interactions among planetary/stellar companions (e.g. Nagasawa et al. 2008; Nagasawa & Ida 2011) . In this paper, we report the detections of five new planets around three metal-rich stars HD 1605, HD 1666, and HD 67087 from observations at telescopes of OAO, Subaru, and Keck. In Section 2, we present stellar characteristics and orbital solutions for the three stars. We also briefly describe the method for RV measurements including our improvements in RV stability and precision for the Subaru telescope. In Section 3, we show our results of planet detections. We discuss and summarize the detections from a view point of planet formation and evolution in Section 4.
OBSERVATIONS

Targets
The stellar targets of our long-term planet-search program at OAO and the Subaru telescope are based on those of the N2K project. More than 14,000 mainsequence and subgiant stars were selected from the Hipparcos catalog (Perryman & ESA 1997) as potential targets of the N2K project, and their properties had been investigated such as B − V color magnitudes, JHKband photometry from the 2MASS catalogue, stellar luminosity, parallaxes, proper motions, photometric variations, and the existence of stellar companions. All the targets had been selected with following criteria: (1) 0.4 < B −V < 1.2, (2) V < 10.5 and (3) stars closer than 110 pc. The approximate 2,000 stars had been selected from the potential targets as the original N2K targets by setting metallicity criterion of [Fe/H] > +0.1 estimated from photometry.
As the component of the N2K project, the Subaru telescope had observed a total of 635 stars out of the original N2K targets at least once as of 2009, and we adopted the 635 stars as our primary targets for the subsequent observations. Among them, we have intensively observed 50 bright stars at OAO in order to confirm planet candidates. Also, we have observed the 635 primary targets evenly at the Subaru telescope in order to mainly extend the time baseline of our samples for statistical studies.
OAO/HIDES Observations
For observations at OAO, we use the 188 cm telescope and the HIgh Dispersion Echelle Spectrograph (HIDES; Izumiura 1999) installed at its coudé focus. Until December 2010, we used the conventional slit aperture of HIDES (HIDES-S). The slit width was set to 250µm(0 ′′ .95), giving a spectral resolution R = 50000 by 4 pixel sampling. A mosaic of three CCDs is capable of a simultaneous wavelength coverage from 3700 to 7500Å. For precise RV measurements, we used an iodine absorption cell (I 2 cell; Kambe et al. 2002) . For V ∼ 8 stars with an exposure time of 30 minutes, a typical signalto-noise ratio SNR > 130 pix −1 at 5500Å,with which we can achieve the RV precision of 7 m s −1 . After January 2011, we have been using the HIDES fiber-feeding system (HIDES-F) that has been newly developed for attaining better throughput (Kambe et al. 2013 ). The HIDES-F uses an image-slicer as an entrance aperture of the spectrograph and its spectral resolution is fixed to R = 47, 000. We can typically obtain spectra with two times better efficiency (SNR > 180 pix −1 at 5500Å for V ∼ 8 stars with a 30 min-exposure) compared to the previous slit-observations, with which the RV precision can reach down to 3 m s −1 . We have been observing several RV standard stars using both a slit and image-slicer, and monitoring these RV variations. As a Doppler-shift standard, we applied a newly obtained template-spectrum of HDS whose details are described in section 2.3. The calculated RVs did not show significant systematics between the slit-data and image-slicer-data within the typical rms (root-mean-square) of 3 m s −1 . Thus, we are able to consider that there is no significant RV systematics between the two settings of HIDES.
Since the N2K project supposed planet searches by 10 m-class telescopes, the apparent magnitude of the targets tends to be fainter than 9 in V -magnitude. Stars with magnitudes of V > 9.5 are too faint for precise RV measurements by 2 m-class telescopes. Thus, we have selected 50 brightest stars that have magnitudes of 7.5 < V < 9.5 from our primary targets. Almost all of the 50 targets show significant RV variations of σ RV > 20 m s −1 , but their periodicities have not been confirmed yet. Such RV variations are comparable to a RV amplitudes caused by a giant planet orbiting around a solar-mass star with a semi-major axis of 1 AU. We obtained stellar parameters of the 50 targets from the Spectroscopy Made Easy (SME; Valenti & Piskunov 1996; analysis and the Hipparcos catalogue.
Subaru/HDS Observations
From 2004 to 2010, the original N2K survey collected several RV data for each of our primary targets. Since 2011, we have conducted follow-up observations for a part of them using the Subaru telescope. While observations at OAO mainly focused on planet-host candidates which showed significant RV variations. In order to obtain reliable statistical results, we need to gather RV data without selection biases. Thus, we collected RV data uniformly from the primary targets as well as planet-host candidates, using the Subaru telescope.
We utilize the High Dispersion Spectrograph (HDS; Noguchi et al. 2002) on the 8.2-m Subaru telescope. We mainly adopted the set-up of StdI2b, which simultaneously covers a wavelength region from 3500 to 6100Å by a mosaic of two CCDs. The slit width was set to 0 ′′ .8 for the first 2 year-observations (2004) (2005) and 0 ′′ .6 for the later observations until 2011, giving a spectral resolution of R = 45000 and 60000, respectively. In 2012, we used a newly-developed image-slicer (IS#1) with the resolution of R = 110000 in order to improve the throughput of each exposure (see Tajitsu et al. 2012 , for details of the imageslicer). Our set-up allows us to obtain SNR ∼ 150 pix −1 at 5500Å with 30-300 sec exposure times for our typical targets with V ∼ 8.5. We used an I 2 cell to provide a fiducial wavelength reference for precise RV measurements Sato et al. 2002) . Although the I 2 cell was originally installed just behind the entrance slit of the spectrograph, it was moved in front of it in 2006.
We basically used an analysis code described in Sato et al. (2002) for precise RV measurements which generates the stellar template from star+I 2 spectra. Stellar templates obtained in the early phase of the N2K survey sometimes cause poor RV accuracy for years-long time-baseline observations with HDS. We also conducted additional observations of the N2K targets in order to refine stellar templates. The observational setting required for the stellar templates is almost the same as that for RV measurements, except for using extremely high resolution of R = 160000 (the slit width of 0 ′′ .2 without an I 2 cell). The point-spread-functions (i.e. instrumentalprofiles) are estimated from an I 2 -superposed flat spectrum that was observed at the nearest time before/after the exposure. Using the newly-obtained stellar templates, we can achieve the rms of RVs lower than 3 m s −1 with about seven-year-long stability. We optimized our analysis pipeline for this refined template, and applied it to RV measurements for HIDES data as a common reference of Doppler-shifts.
In order to check the long-term RV stability using the whole data from HIDES and HDS, we have been observing several RV standard stars and known planet hosts such as HD 38801 (Harakawa et al. 2010 ) using the two spectrographs. According to our analysis for "slit-IS" combined set of data from HDS, it has been shown that there is no significant systematic between slit data and image-slicer data. We have also confirmed that the I2-cell position against the entrance of HDS does not influence RV systematics significantly. After these checks, we have performed the RV measurements for all the HIDES and HDS data and confirmed that the rms of RVs for the standard stars have been achieved 4-5 m s −1 . Thus, we can consider that no significant RV-offset between the two sites was detected with a mixture of slit-data and image-slicer-data.
Keck/HIRES Observations
Between 2006 January and 2010 September, we also used the Keck telescope with HIRES spectrograph (Vogt et al. 1994 ) to follow up some promising candidates of planet-host stars. The Keck observations were obtained using an I 2 cell and typically with a slit width of 0".86 corresponding to a spectral resolution of R = 65000. The exposure time is optimized to achieve the typical signal to noise ratio of 150-240 per pixel. The mean RV precision of 1.5m s −1 was yielded based on the RV analysis method proposed by Marcy & Butler (1992) , and Butler et al. (1996) . Since the RVs of HIRES were calculated individually from those of HIDES and HDS, the RV offsets between the two datasets are fitted as free parameters.
STELLAR CHARACTERISTICS AND ORBITAL SOLUTIONS
3.1. HD 1605 HD 1605 (HIP1640) is a K1 subgiant star with V = 7.52 and a color index of B − V = 0.96. The Hipparcos parallax of 11.82 mas corresponds to a distance of 84.6 pc, i.e., the absolute V magnitude of M V = 2.88. The SME analysis yields the stellar parameters of T eff = 4757 ± 50 K, v sin i = 0.54 ± 0.5 km s −1
[Fe/H]= +0.21 ± 0.05, and log g = 3.40 ± 0.08. Adopting the determined T eff , B − V , M V , and bolometric collection of B.C. = −0.432 (Flower 1996) , we have estimated the bolometric luminosity to be L = 6.6 ± 0.76L ⊙ , and stellar radius of R * = 3.8 ± 0.4R ⊙ based on the StefanBoltzmann law. We estimated the stellar mass from the best-fit interpolation of stellar evolution tracks calculated by Girardi et al. (2002) to be M * = 1.31 ± 0.11M ⊙ with its age of 4.59 ± 1.37 Gyr. In fact, [Fe/H]> +0.2 is out of range of available data of stellar evolution models by Girardi et al. (2002) . Thus, we have extrapolated the existing tracks for models with a higher stellar metallicity (see Omiya et al. 2012 , for the treatment of our extrapolation method). All the stellar parameters are listed in Table 1 .
We made the first observations for HD 1605 at the Subaru telescope and detected large RV variations. After that, the star has been monitored using HDS, HIDES and HIRES for about 9 years (from December 2004 to August 2013). We excluded data with low SNR under bad weather conditions, and then obtained 75 RV data, 14 and 61 of which were observed by HDS and HIDES, respectively. Combining 17 RV data from HIRES, we have obtained 92 RV data in total for HD 1605. The observation dates, RVs, internal errors, and observation sites are listed in table 2.
We determined parameter values of the Keplerian orbit by minimizing the χ 2 statistic. We adopted the AMOEBA algorithm (Nelder & Mead 1965; Press et al. 1986 ) which is well-suited to the high-dimensional parameter spaces. The definition of χ 2 is written as
where N site , N i,obs , N total , N dim , v ij,obs , σ ij,error , v ij,calc , and γ i are the number of observational sites, the number of observations on the i-th site, the number of total observations, the degree of freedom on the fitting, the j-th observed RV and observational uncertainty from each site, the calculated RVs from the model-orbit corresponding to j-th observation time on i-th site, and RV offsets on the i-th site, respectively. In fact, the number of observational sites can be written as the number of stellar templates. A quantity of the RV offset depends on the time when the stellar template was observed. In this work, we used not more than two stellar templates in total that had been obtained from HDS and HIRES. Therefore, the appropriate number of site is N site = 1 or 2. Each template was applied to RV measurements of the HDS-HIDES combined data set, and HIRES data set, respectively.
In order to identify the stellar chromospheric activity, we graphically checked the core emission strength of Ca II HK lines for each star. As shown in Figure 1 , all of the stars are basically inactive. We assumed an intrinsic RV noise due to the chromospheric activity of a central star (e.g. starspots and plage) and its surface pulsation, the so-called "stellar jitter", to be 6 m s
for ordinary inactive-subgiants (Wright 2005) , which is added in quadrature (σ 2 error = σ 2 obs + σ 2 jitter ) to the formal velocity uncertainties for HD 1605 when we fit a Keplerian orbit to the RV data. At first, we performed the periodogram analysis (Lomb 1976; Scargle 1982) and found significant periodicity at ≃ 2000 days. After detrending the 2000 days signal, an another periodic signal appeared at several hundred days period. Although we considered a two-planet model for the Keplerian fitting, its residuals showed a linear slope over the entire observations. Therefore, we derived the best-fit solution of a two-planet model with a linear trend. The rms to the fit is reduced from 10 m s −1 to 6.4 m s −1 . The reduced chi-square has been improved from 1.9 (2 planet-model) to 0.94 (2 planet-model + linear trend), indicating that the latter model should be more appropriate within our achievable accuracy. We calculated the errors in orbital parameters at a 68.27% confidence interval (from bottom 15.87% to top 84.13%) of the distributions via the bootstrap Monte-Carlo approach. The RV residuals to the best-fit Keplerian curve are scrambled and added back to the original measurements, and then, we re-fit and derive new parameters. We achieved 1σ confidence levels of each parameter by 10000 times iterations. We also applied the same technique to two other systems reported in the subsequent sections. . The orbital period ratio of the planets is not any integer even considering their 1σ uncertainties. This suggests that two Jovian planets are not trapped into any mean motion resonance. Both of the two planets have almost circular orbits (e < 0.1), and thus we cannot strictly constrain their eccentricities and arguments of periapsis.
3.2. HD 1666 HD 1666 (HIP1666) is listed as a F7V star with a visual magnitude of V = 8.17, and a color index B − V = 0.53 in the Hipparcos catalogue. The Hipparcos parallax of 9.22 mas corresponds to a distance of 108.5 pc, and the absolute visual magnitude is estimated to M V = 2.76. We performed the SME analysis in order to determine the stellar parameters. Following the method described in , we derived an effective temperature T ef f = 6317 ± 44K, rotational velocity v sin i = 5.6 ± 0.5km s −1 , log g = 4.06 ± 0.06, and metallicity [Fe/H]= +0.37 ± 0.04 for the star. The bolometric luminosity of L * = 5.37 ± 1.18L ⊙ was estimated from the M V and a bolometric correction of B.C. = −0.016. We derived a stellar radius of R * = 1.93 ± 0.49R ⊙ from the Stefan-Boltzmann law. We performed the isochrone analysis as mentioned in Section 3.1 based on the stellar metallicity, bolometric luminosity and effective temperature. Using the spectroscopic parameters, we found the mass of 1.50 ± 0.07M ⊙ and the age of 1.76 ± 0.20 Gyr for HD 1666.
After the detection of large RV variations for HD 1666 by HDS, we have monitored the star for about 9 years (from December 2004 to August 2013) using the threespectrographs. We excluded data with extremely-low SNRs due to bad weather conditions and obtained 99 RV measurements in total, 11, 21, 46, and 21 of which were observed by HDS, HIDES-S, HIDES-F, and HIRES, respectively. Table 3 summarizes the observation dates, RVs, internal errors, and observatory sites.
The observed RVs showed complex patterns, as seen in Figure 3 . We applied a Lomb-Scargle periodogram to the measured RVs of HD 1666 for the determination of the initial guess of orbital parameters and the result is shown in Figure 4 . We found a ∼ 270 days periodicity with a confidence level higher than 99.9% by calculating the False-Alarm-Probability (FAP) defined by Baluev (2008) . In order to derive the Keplerian orbital motion for HD 1666, we adopted the AMOEBA method as described in the previous section. This star should be chromospherically inactive because of the small activityindex value ofS HK = 0.15 (Isaacson & Fischer 2010) and the low-strength of the cores of Ca II H K lines (Figure 1 ). According to an empirical equation of stellar jitters, as a function of S HK given by Isaacson & Fischer (2010) , we estimated the RV jitter of HD 1666 to be 2.4 m s −1 . However, as seen in Figure 3 , the RV-residuals of the orbital fitting remain still large variation in rms of > 30 m s −1 , compared to the typical observational uncertainty of 12 m s −1 . In general, stellar RV variations are caused by both the Keplerian motion and stellar jitter. The 104 data from the Hipparcos photometry (Perryman & ESA 1997) show a photometric variability of σ ∼ 13 mmag for an inactive HD 1666. However, this value is comparable to the typical observational error of 15 mmag, indicating that there is no significant variation photometrically for HD 1666. This implies that there may exist additional companions that are responsible for the excess RV variations. While a period search for the residuals to the fit detected a slightly strong signal at about ten days (bottom panel of Figure 4 ), the FAP value of 3.5% does not strongly support its significance. Indeed, although we tried an additional Keplerian-orbit fitting to the residuals with an initial guess of ten days period, neither the reduced chi-square nor the rms was improved. More precise and additional data are required to interpret these large RV-residuals. Then, for the present, we regarded these large residuals as the stellar jitter, σ jitter = 34.6 m s −1 , which makes the reduced chi-square unity. Finally, we obtained the orbital period of P = 270.0 Table 5 .
3.3. HD 67087 HD 67087 (HIP39767) is a F-type main-sequence star with V = 8.05 and a color index of B − V = 0.53. The Hipaarcos parallax of 11.26 mas corresponds to a distance of 88.8 pc, i.e., the absolute V magnitude of M V = 3.31. The SME analysis yields the stellar parameters of T eff = 6330 ± 47 K, v sin i = 9.7 ± 0.5 km s −1 , [Fe/H]= +0.25 ± 0.04, and log g = 4.19 ± 0.06. Using T eff , B − V , M V , and B.C. = −0.010, we have estimated the bolometric luminosity and stellar radius to be L = 3.47 ± 0.75L ⊙ and R * = 1.55 ± 0.32R ⊙ from the Stefan-Boltzmann law. The stellar mass and age were estimated to be M * = 1.36 ± 0.04M ⊙ and 1.45 ± 0.51 Gyr from stellar evolution tracks, respectively, (see also Section 3.1).
We have monitored HD 67087 using HDS and HIDES for about 9 years (from December 2004 to May 2014). We obtained 51 RV data in total, 12 and 39 of which were observed by HDS and HIDES-F excluding poor observations, respectively. The observation dates, RVs, internal errors, and observatory sites are listed in Table 4 . The observed RVs show a clear significant periodicity in addition to that of about one-year in Figure 5 . Assuming the stellar jitter of 4 m s −1 based on the low emission strength in the core of Ca II HK lines (Figure 1 ), we fitted two-Keplerian orbits to the measured RVs. However, we cannot obtain the RV semi-amplitude and the minimum mass of a planet, via the bootstrap method due to lack of RV peaks for the outer orbit. Hence, we applied the MCMC procedure following Sato et al. (2013) to the RVs and determined two-Keplerian orbits from the posterior distribution functions.
We considered the medians at the 1σ confidence level as the best-fit values. The rms to the fitting was 11.8 m s −1 , and the square root of reduced χ 2 of χ 2 ν = 0.91, indicating that our orbital solutions are preferable within observational errors. With the stellar mass of M * = 1.36 ± 0.04M ⊙ , P = 352.27 Table 5 .
Although the phase-folded RV variation of HD 67087 c appears a simple linear RV trend, the actual time variation in RVs repeats this trend more than one within the duration of observations. We tried the Keplerian fitting with one-planet + linear trend model and obtained a reduced chi-square of χ 2 ν = 3.4. Therefore, the two-planet model may be preferred for this system, considering the reduced chi-square of χ 2 ν = 0.81.
DISCUSSION
In this paper, we have reported five newly-discovered Jovian planets around metal-rich stars from our longterm planet-search at the Subaru telescope, the OAO 188 cm telescope and the Keck telescope. Two multiJovian-planet systems of HD 1605 and HD 67087, and the eccentric massive planetary system of HD 1666 have been identified. All of the host stars have high metallicity ([Fe/H]> +0.2) and relatively large masses of
HD 1605 is a subgiant star and its mass is estimated to be 1.3M ⊙ . We have confirmed the two Jovian-mass planets on the hierarchical system with a linear RV trend. According to the SIMBAD database, no stellar companions has been reported within 1.1 arcsec (< 100 AU) from HD 1605. The linear trend of RV that we found suggests the presence of an unknown and maybe low-mass companion. Given that the acceleration of RVs is constant, we can give an order-of-magnitude relation between the linear trend and the properties of the outer companion (Winn et al. 2009 
where M c is the companion mass, i c is the orbital inclination relative to the line of sight, a c is the orbital distance, andγ is the acceleration of RVs. The HD 1605 system is also a rare planetary system in terms of their loweccentricity orbits. There are 44 systems which hold multiple Jovian-planets with masses of M p sin i > 0.3 M JUP (the Exoplanets Orbit Database: Wright et al. 2011) , and only four of them are known to have multiple Jovian planets with low-eccentricities (e < 0.1) in the absence of hot Jupiters (47 UMa, 55 Cnc, µ Ara and HD 159243: Gregory & Fischer 2010; Endl et al. 2012; Pepe et al. 2007; Moutou et al. 2014, respectively) . The two-planet system of HD 67087 is also a hierarchical system. HD 67087 has the mass of 1.36M ⊙ and metallicity of [Fe/H] = +0.25. We have found two superJupiter-mass planets at 1.08 AU and 3.86 AU around HD 67087. Interestingly, HD 67087 c may be one of the most eccentric Jovian-planets among those with a p > 3 AU and also among multiple Jovian-planet-systems, in contrast to HD 1605 c (Figure 6 ). Although Jovian planets similar to HD 67087 c are seen in other systems such as HD 181433 d (Bouchy et al. 2009 ) and HD 217107 c (Vogt et al. 2005; Wright et al. 2009 ), hot-Jupiters were found in their inner orbits. Thus, the origin of those eccentric outer planets can be explained by planet-planet interactions. On the other hand, in the case of HD 67087 which has no hot-Jupiter, the existence of an eccentric outer planet around HD 67087 may be interpreted by the excitation of its eccentricity due to secular perturbations from an unseen substellar companion in distant orbit, the so-called Kozai mechanism (Kozai 1962) . Although the lack of observations does not lead to the ac-curate determination of the orbit of HD 67087 c, the two planets in this system have mutually crossing orbits at present. Hence, the dynamical stability of HD 67087 system should be investigated with additional RVs in the future work. This allows us to constrain the mass and the eccentricity of HD 67087 c more strictly. Although we did not find any long-term RV trend due to an additional companion from the residuals to our bestfit model, a relatively-young HD 67087 still becomes a promising target for direct-imaging surveys. If the existence of an outer companion is confirmed, HD 67087 c should be a strong evidence of orbital evolution via Kozai mechanism.
The F7 dwarf HD 1666 has a relatively-large mass of 1.5M ⊙ and a very high metallicity of [Fe/H] = +0.37. HD 1666 hosts a massive, eccentric planet HD 1666 b. One of the most remarkable features of HD 1666 system is the mass of a host star. It is generally known that early-type main-sequence stars which have masses higher than that of the Sun such as A-dwarfs (typically 1.5M ⊙ -2M ⊙ ) are not suitable for RV measurements because of Doppler-broadening of absorption lines due to their rapid rotation and the deficiency of absorption lines due to high effective temperatures. RV surveys rarely detected short-period planets around evolved high-mass stars (e.g. Johnson et al. 2010b ). However, HD 1666 has a cooler effective temperature and lower rotational velocity. A high metallicity in the stellar atmosphere causes a larger stellar radius at a given luminosity and stellar mass. A metal-rich star like HD 1666 with [Fe/H] = +0.37 tends to have a lower effective temperature (e.g. Girardi et al. 2000; Yi et al. 2001) . As seen in Figure 17 of , T eff is decreased by about 500K, when [Fe/H] increases by 0.5 dex. Our target selection for a metal-rich star based on the color-index (typically B−V ) leads to selecting a highmass star, and vice versa. Figure 7 shows the planetary mass distribution as a function of stellar mass. All of the Jovian planets in this figure show those around main sequence stars (log g > 4.0) detected by the RV method. Figure 7 indicates that HD 1666 is one of the most massive main-sequence stars harboring planetary companions. Therefore, metal-rich and massive main-sequence stars such as HD 1666 can be suitable targets not only to unveil a correlation between planetary properties and the stellar metallicity, but also to provide information about the dependence of planet population on stellar mass.
Another important feature of HD 1666 system is the eccentric planet of HD 1666 b. As mentioned before, such an eccentric planet can be interpreted as a by-product of gravitational interactions among planets and/or stellar companions, although we have not yet found any inner or outer companion. The detection-limit analysis following Lagrange et al. (2009) is shown at Figure 8 . We here, briefly describe about this analysis method: (1) for each (mass; period) grid, generate 1000 synthetic RV-datasets along the actual observation times assuming circular orbit and different times of passage at periastron; (2) add a random noise corresponding real observational errors; (3) compare the averaged rms of virtual data-sets and that of real residual data. If the rms of the real residuals is lower than the average rms of virtual data sets, the given planet can be detected. The detection probability can be calculated as a level of rms excess compared to that of the real data. Figure 8 shows that while the stellar jitter (σ jitter = 35 m s −1 ) may prevent us from detecting low-mass planets, it cannot be an obstacle for the detection of a hot-Jupiter with the mass of M p sin i > 3M JUP with P < 10 days at a 3σ confidence level. As seen in Figure 4 , the non-detection for short periodicity from the residuals indicates that (i) if HD 1666 b experienced planet-planet scattering, an scattered planet is likely to be outside HD 1666 b or (ii) the eccentricity of HD 1666 b was pumped up by an outer companion via the Kozai mechanism. Indeed, the RV amplitude induced by a distant substellar companion can be smaller than this jitter. The future direct-imaging survey or correction for stellar jitters with careful analyses of activity-induced RVs (e.g. Pont et al. 2011; Boisse et al. 2012; Hatzes 2013; Santos et al. 2014) helps us verify the existence of the additional companion(s).
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